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Abstract. During the last decade, dozens of papers have 

indicated the ability of commercial microwave networks to 

monitor and map rainfall. However, other atmospheric 

phenomena also affect the radio channel, and cause 

interference that can be measured by these systems. While 

fog, water vapor and dew are among the additional 

hydrometeors that can cause signal loss, anomalies in the 

atmospheric refractive index identified with temperature 

inversions also affect these communication links. In this 

paper we review a variety of different research showing the 

ability that exists in this technology for environmental 

monitoring. 
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1. Introduction 

Commercial microwave links are the infrastructure that 

allows for data transmission between cellular network base 

stations. These links are deployed close to ground level, 

are installed across vast regions worldwide, and operate in 

the frequency range of tens of GHz. As such, they are 

affected by weather conditions adjacent to the ground and 

can be used as a low cost sensor network for atmospheric 

monitoring. Figure 1 shows a typical microwave tower. 

This example demonstrates the relative proximity towers 

typically have to transportation routes, agricultural areas 

and to ground level in general, hence the motivation to use 

this existing infrastructure for environmental monitoring. 

 The existing environmental monitoring tools have several 

disadvantages, thus the need for development of additional 

technologies. In situ sensors, for example, do not represent 

the measured phenomenon well in space (e.g. humidity 

gauges that provide a point observation that does not 

closely represent the humidity in the larger surrounding 

area). Satellite systems provide good spatial resolution 

observations, but have difficulties, at times, observing 

ground level conditions from space (e.g. when high level 

cloud cover obscures ground level fog from the satellite's 

point of view). Additionally, the expenses involved in 

purchasing, installing and maintaining the proprietary 

equipment is typically high. 

Environmental measurements from cellular network 

infrastructure, then, can provide a complementary tool to 

existing monitoring instruments, or the principal 

measurement tool in places where existing instruments fail 

or do not exist at all. 

Of the different atmospheric conditions that affect 

microwave links, rain has a dominant effect, causing 

measurable signal loss in the network. Thus, the ability of 

these systems to monitor rain was first demonstrated over a 

decade ago, at times even in a way that has advantages 

over proprietary instruments (Messer et al., 2006; Leijnse 

et al., 2007; Schleiss et al., 2013; Overeem et al., 2013). 

Monitoring rain is crucial for many reasons, from house 

chore needs, to support pluvial agriculture, and, for 

example, to provide early warning of dangers associated 

with intensive rainfall, such as destructive flash flooding 

(David et al., 2013a).  

Other environmental phenomena that are not rain, though, 

also affect the microwave transmission. Therefore, this 

already existing ―sensor network‖, has the potential to 

monitoring these phenomena, as long as they induce 

measurable interference in respect to the sensitivity of the 

microwave system. Recent papers have shown that this 

technology can monitor a variety of environmental 

parameters, including fog (David et al., 2013b; 2015), 

water vapor (David et al., 2009; 2011; Chwala et al., 

2014), dew (Harel et al., 2015; David et al., 2016), and 

indirectly – air pollution (David and Gao, 2016). In this 

paper, we review these research works and indicate the 

future challenges and the potential benefits of using this 

technology. 

2. The potential of commercial microwave networks 

to monitor environmental phenomena 

In this section we briefly discuss the importance of 

monitoring the different atmospheric parameters and 

present the connections that describe the physical link 

between the interference caused to the microwave signal 

and each of the different phenomena. For complete details, 

including error calculations, details of uncertainty factors, 

full description of the monitoring techniques, etc., we point 

the reader in each section to the papers published on the 

topic. 

2.1. Water vapor 

Atmospheric humidity plays a central role in a range of 

environmental processes, and is one of the most influential 
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greenhouse gases. The water vapor evaporation and 

recondensation cycle is a key energy redistributing 

mechanism transferring heat energy from the face of the 

Earth to the atmosphere. A range of meteorological end 

products, including weather forecasting, are based on the 

results of atmospheric models. The accuracy of these 

results is determined by the quality of the initial condition 

data that is fed to the model while the humidity field in 

particular, is a critical variable in model initialization 

(David et al., 2009). As a result of the limited scope of 

humidity observations, and particularly the fact that 

existing point measurements acquired by typical humidity 

gauges are often not representative, there is uncertainty 

about water vapor distribution in the atmosphere, and thus 

partly due to this uncertainty, prediction of convective 

precipitation, on the storm scale, is limited (e.g. Fabry, 

2006).  

At microwave frequencies of tens of GHz in the lower 

troposhpere, the dominant absorbing gases are water vapor 

and oxygen. While the latter has a resonance band around 

60 GHz, atmospheric humidity has an absorption line at 

22.235 GHz. Notably, around the water vapor absorption 

line the dry air induced attenuation is an order of 

magnitude lower than that of the water vapor. Since 

commercial microwave links typically operate between 6 

to 40 GHz, links that operate around 22- 23 GHz, i.e. 

around the 22.235 GHz absorption line, can be 

advantageously chosen for such measurements. Equation 1 

describes the attenuation induced by dry air and 

atmospheric humidity: 

                    , P, T)      (dB/km)       (1)

   

Where: 

   (dB/km):Water vapor induced attenuation. 

  (dB/km): Dry air induced attenuation. 

f (GHz): Microwave  link's frequency.   

N'' (N-units): The imaginary part of the complex 

refractivity, a function of the water vapor density ρ(g m
-3

), 

pressure P(hPa) and the temperature T(°C). 

A complete derivation of Eq. (1) can be found in literature 

(David et al., 2009; 2011; David, 2014). 

 

2.2. Fog 

By definition, fog reduces visibility below 1 km 

(Glickman, 2000), and as such, can cause severe accidents 

in all transportation modes, extensive property damage and 

loss of life (e.g. Ashley et al., 2015). The phenomenon, 

though, also has positive aspects. For example, by 

harvesting fog, fresh water can be produced and used for 

gardening, forestation management, and even for use as 

potable water. In water scarce regions, this contribution 

can be particularly significant (e.g. Klemm et al., 2012(. 

Fog has also been shown to play an important role in 

cleaning the atmosphere by particle scavenging, followed 

by drop deposition (Herckes et al., 2007). 

However, widespread and reliable mapping of the 

phenomenon is a challenge. Satellite systems, that are 

currently used for mapping fog, cannot, at times, reliably 

detect it. For example, in cases where the satellite detects a 

low stratus cloud, but cannot reliably determine whether it 

is fog that exists at ground level, or a higher elevation 

cloud which does not pose a danger for drivers on the 

roads, for example. 

Herein lies the motivation to develop tools for mapping the 

phenomenon in high spatial and temporal resolution, and 

with maximum proximity to ground level. Commercial 

microwave links have the potential to provide atmospheric 

information of this type. Notably, recent research has 

shown the feasibility for monitoring fog using this method 

(David et al., 2013b).  Other research demonstrated the 

potential for 2D mapping of fog theoretically, as well as 

potential for improved mapping resolution in the future as 

commercial microwave networks shift to higher operating 

frequencies in order to answer the demand for faster data 

rates (David et al., 2015). 

Equation 2 describes the relation between fog induced 

attenuation,    (dB/km), and the liquid water content  

LWC(g/m
3
): 

                 
 ̃   

 ̃   
           (dB/km)      (2) 

Where  ̃ is the complex refractive index and f (GHz) is the 

link frequency. 

 A complete derivation of Eq. (2) can be found in literature 

(David, 2014). 

 

2.3. Dew 

Dew takes part in several ecological processes. For 

example, it provides a source of humidity for animals (e.g. 

Degen et al., 1992), and in some areas, dew formation 

serves as a key part of the general vegetation water 

strategy economy in the arid and semiarid zones (Ben‐
Asher et al., 2010). On the other hand, the phenomenon 

has negative effects. Plant pathologists, for example, 

indicate the negative effect dew has on advancing the 

spread of plant diseases (Sentelhas et al., 2008). Acquiring 

high spatio-temporal information about dew may be 

combined with satellites to derive more precise 

observations of soil moisture (Du et al., 2012)  an 

important element of the hydrological cycle, affecting 

weather and climate. 

In cases where relative humidity (RH) is high, a thin layer 

of water (or water droplets) may condense on the 

microwave units, attenuating the signal measured across 

the link (Henning and Stanton, 1996; David, 2014). Recent 

research (Harel et al., 2015; David et al., 2016) indicates a 

match between the attenuation caused by this condensation 

and dew measurements carried out using a leaf wetness 

sensor. The effect of dew is the result of condensation on 

the antenna itself and therefore the measured attenuation in 

the network is not dependent on the length of the 

propagation path. Thus, it has been demonstrated using the 
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Generalized Likelihood Ratio Test (GLRT) that dew can 

be detected using commercial microwave networks based 

on this principle (Harel et al., 2015).  

 

a. Temperature inversions 

Air pollution is associated with a wide range of severe and 

chronic health impacts. For example, in 2012, the World 

Health Organization (WHO) claimed that 3 million 

premature deaths worldwide were attributable to ambient 

air pollution. Notably, the meteorological conditions 

existing at a certain location affect the level of air 

pollution, and particularly Temperature Inversions (TIs). 

In standard conditions, temperature in the troposphere 

decreases with altitude. A temperature inversion is a case 

where in a certain layer, temperature increases with 

altitude. This situation suppresses vertical movement in the 

atmosphere, and if it takes place close to the ground, 

creates optimal conditions for air pollution (and when RH 

is high – for fog) that gets trapped underneath that layer. 

The atmospheric refractivity index is a function of 

temperature- T (k), partial water vapor pressure- e (hPa) 

and the total atmospheric pressure – P (hPa), as shown in 

Equation 3: 

       
 

 
      

2

510
T

e
  (N-units)       (3) 

Thus, strong TIs that capture humidity under them, are 

identified with gradients of the atmospheric refractivity 

index with altitude, an effect that leads to abnormal 

propagation due to bending of the microwaves beyond the 

standard case. This, according to Snell's Law of 

propagation between mediums with different refractive 

indices (here, n1 and n2): 

                            (4) 

Where: 

   – The angle of incidence. 

   – The angle of refraction. 

The abnormal propagation in these cases can present itself 

as attenuation or amplification of Received Signal Level 

(RSL) when compared to standard conditions. The 

potential for detecting cases of air pollution and fog using 

commercial microwave networks, based on these 

principles, was recently demonstrated (David and Gao, 

2016). 

 

3. Summary 

While a large part of the papers in the field of 

environmental monitoring using commercial microwave 

links has focused on monitoring rain, the system has the 

potential to sense other phenomena as well. Future 

research will need to further examine these new concepts 

for monitoring other than rain phenomena, including water 

vapor, dew, fog and temperature inversions using as many 

events as possible in a wide range of locations across the 

globe. Deepening the understanding of how meteorological 

phenomena affect cellular networks essentially means 

more efficient utilization of existing infrastructure for 

environmental monitoring on one hand, and the ability to 

better design these links to operate as a stable 

communications system, on the other (reducing the 

interference atmospheric conditions can cause to the links). 

A major future challenge would be to further examine the 

potential contribution the proposed technology has for 

improving environmental monitoring capabilities in 

developing countries where weather monitoring tools are 

limited, if they exist at all. 

 

 

Figure 1. Typical microwave tower (near Hod Hasharon city, Central Israel, 2017). The microwave antennas, the round 
drum like objects attached to the mast near ground level, are visible. 

 

 



 

CEST2017_01386 

References  

Ashley, W. S., Strader, S., Dziubla, D. C., & Haberlie, A. 

(2015). Driving blind: Weather-related vision hazards and 

fatal motor vehicle crashes. Bulletin of the American 

Meteorological Society, 96(5), 755-778. 

Ben‐Asher, J., Alpert, P., & Ben‐Zvi, A. (2010). Dew is a 

major factor affecting vegetation water use efficiency 

rather than a source of water in the eastern Mediterranean 

area. Water Resources Research, 46(10). 

Chwala, C., Kunstmann, H., Hipp, S., & Siart, U. (2014). A 

monostatic microwave transmission experiment for line 

integrated precipitation and humidity remote 

sensing. Atmospheric Research, 144, 57-72. 

David, N., Alpert, P., & Messer, H. (2009). Technical Note: 

Novel method for water vapour monitoring using wireless 

communication networks measurements. Atmospheric 

Chemistry and Physics, 9(7), 2413-2418. 

David, N., Messer, H., & Alpert, P. (2011). Humidity 

measurements using commercial microwave links. 

INTECH Open Access Publisher. 

David, N., Alpert, P., & Messer, H. (2013a). The potential of 

cellular network infrastructures for sudden rainfall 

monitoring in dry climate regions. Atmospheric 

Research, 131, 13-21. 

David, N., Alpert, P., & Messer, H. (2013b). The potential of 

commercial microwave networks to monitor dense fog‐
feasibility study. Journal of Geophysical Research: 

Atmospheres, 118(20). 

David, N. (2014). Water vapor, fog and rainfall monitoring 

using commercial microwave network measurements: 

Noam, David. Universitat Tel-Aviv. 

David, N., Sendik, O., Messer, H., & Alpert, P. (2015). 

Cellular network infrastructure: The future of fog 

monitoring?. Bulletin of the American Meteorological 

Society, 96(10), 1687-1698. 

David, N., Harel, O., Alpert, P., & Messer, H. (2016, March). 

Study of attenuation due to wet antenna in microwave 

radio communication. In Acoustics, Speech and Signal 

Processing (ICASSP), 2016 IEEE International 

Conference on (pp. 4418-4422). IEEE. 

Degen, A. A., Leeper, A., & Shachak, M. (1992). The effect of 

slope direction and population density on water influx in a 

desert snail, Trochoidea seetzenii. Functional Ecology, 

160-166. 
Du, J., Jackson, T. J., Bindlish, R., Cosh, M. H., Li, L., 

Hornbuckle, B. K., & Kabela, E. D. (2012). Effect of dew 

on aircraft-based passive microwave observations over an 

agricultural domain. Journal of Applied Remote 

Sensing, 6(1), 063571-1. 

Fabry, F. (2006). The spatial variability of moisture in the 

boundary layer and its effect on convection initiation: 

Project-long characterization. Monthly Weather 

Review, 134(1), 79-91. 

 .Glickman, T. S. 2000: Glossary of Meteorology 

Harel, O., David, N., Alpert, P., & Messer, H. (2015). The 

Potential of Microwave Communication Networks to 

Detect Dew—Experimental Study. IEEE Journal of 

Selected Topics in Applied Earth Observations and Remote 

Sensing, 8(9), 4396-4404. 

Herckes, P., Chang, H., Lee, T., & Collett, J. L. (2007). Air 

pollution processing by radiation fogs. Water, air, and soil 

Pollution, 181(1-4), 65-75. 

Henning, R. E., & Stanton, J. R. (1996, April). Effects of dew 

on millimeter-wave propagation. In Southeastcon'96. 

Bringing Together Education, Science and Technology., 

Proceedings of the IEEE (pp. 684-687). IEEE. 

Klemm, O., Schemenauer R.S., Lummerich, A., Cereceda, P., 

Marzol, V., Corell, D., Van  Heerden, J., Reinhard, D., 

Gherezghiher, T., Olivier, J., Osses, P., Sarsour, J., Frost, 

E., Estrela, M.J., Valiente, J.A., & Fessehaye, G.M. (2012): 

Fog as a fresh-water resource: overview and perspectives, 

AMBIO, 41, 221-234. 

Leijnse, H., Uijlenhoet, R., & Stricker, J. N. M. (2007). 

Rainfall measurement using radio links from cellular 

communication networks. Water Resources 

Research, 43(3). 

Messer, H., Zinevich, A., & Alpert, P. (2006). Environmental 

monitoring by wireless communication 

networks. Science, 312(5774), 713-713. 

Overeem, A., Leijnse, H., & Uijlenhoet, R. (2013). Country-

wide rainfall maps from cellular communication 

networks. Proceedings of the National Academy of 

Sciences, 110(8), 2741-2745. 

Sentelhas, P. C., Dalla Marta, A., Orlandini, S., Santos, E. A., 

Gillespie, T. J., & Gleason, M. L. (2008). Suitability of 

relative humidity as an estimator of leaf wetness 

duration. Agricultural and Forest Meteorology, 148(3), 

 .392-400

Schleiss, M., Rieckermann, J., & Berne, A. (2013). 

Quantification and modeling of wet-antenna attenuation for 

commercial microwave links. IEEE Geoscience and 

Remote Sensing Letters, 10(5), 1195-1199. 

 


